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Abstract
Adequate emotion recognition is relevant to individuals’ interpersonal communication. Patients with frontal traumatic brain 
injury (TBI) exhibit a lower response to facial emotional stimuli, influencing social interactions. In this sense, the main goal of 
the current study was to assess the ability of TBI patients in recognizing basic emotions. Photographs of facial expressions of 
five basic emotions (happiness, sadness, fear, anger, and surprise) were presented to 32 TBI patients and 41 healthy controls. 
Emotion recognition was measured by accuracy and reaction time. Overall performance of the TBI group was poorer than 
control group for emotion recognition, both in terms of accuracy and reaction time. It is suggested that TBI patients show 
impairment on emotion recognition, and this relation seems to be moderated by the lesion localization. Keywords: emotion 
recognition, basic emotions, TBI patients.
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Introduction
Changes in emotional and social behavior are easily 
associated with distinct neurological disturbances. 
Research focused on frontal traumatic brain injury (TBI), 
particularly in medial and orbitofrontal regions, has 
shown that one of the behavioral disturbances associated 
with these brain lesions is emotional deficits that influence 
social behavior (McDonald, 2005; Kendall & Terry, 
1996). Usually, these alterations are emotional lability, 
disinhibition, inappropriate behaviors, personality 
changes and irritability (Ardila, 2008). However, these 
emotional disabilities are not always associated with 
cognitive or executive disorders (Milders, Fuchs, & 
Crawford, 2003) but appear to be related to the difficulty 
that TBI patients have in processing emotions as well as 
making appropriate social judgments (McDonald, 2005; 
Milders, Fuchs, & Crawford, 2003). This impairment 
is particularly revealed in experimental paradigms that 
assess emotional processing through facial expressions, 
body posture and contextual parameters (Bornhofen & 
McDonald, 2008). 
Prigatano and Pribman (1982) used, for the first 
time, a visual facial recognition paradigm and reported 
an association between frontal TBI and impairments 
in emotion recognition. Their findings created new 
research interests, exploring deeper and with distinct 
paradigms the relation between frontal traumatic brain 
lesions and emotional states. Hence, it began to be 
noted that participants with TBI exhibited impairment 
for recognizing emotions but not for recognizing neutral 
facial expressions (Green, Turner, & Thompson, 2004). 
Specifically, negative basic emotions like fear and anger 
are the most difficult for TBI patients to recognize (e.g., 
Spell & Frank, 2000). Nevertheless, even with the 
finding of behavioral changes and impaired emotion 
processing in TBI patients, a great deal of divergence 
remains regarding not only which emotions are most 
impaired but also regarding the role played by each 
cerebral hemisphere and the cerebral localization of 
those brain injuries that impair adequate processing of 
each basic emotion.
Furthermore, it is commonly accepted in the current 
literature that there exists a functional hemispheric 
asymmetry regarding facial expression processing but 
a significant functional hemispheric asymmetry for 
processing of specific emotional states has not yet been 
determined. In this respect, two main theories have 
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been suggested: (1) The Right Hemisphere Hypothesis, 
which states that the right hemisphere participates in 
processing of all emotions, both positive and negative 
(Morris & Hopkins, 1993) and the (2) Valence 
Hypothesis, which states that the right hemisphere is 
relatively specialized to process negative emotions, 
whereas the left hemisphere is relatively specialized 
to process positive emotions (Borod et al. 1998; Canli 
et al., 1998; Lee et al., 2002). Tamietto et al. (2006) 
report that these two theories, which apply not only 
for TBI patients, differ only regarding the definition of 
“emotion” and that divergent conceptual perspectives 
regarding this matter led to distinct experimental 
approaches of emotion processing and thus to non-
concurring and scarcely comparable results.
Notwithstanding, there is also evidence from 
studies with bilateral brain-damaged patients pointing 
to concurring contribution of both theories in emotion 
processing from facial expressions (Adolphs et al., 
2001, 2000, 1996; Davidson, 1992; Gainotti, 2001), 
thus suggesting cerebral interhemispheric cooperation. 
Adepts of this hybrid theory (e.g., Miller, 1986; Adolphs, 
2002; Oatley & Johnson-Laird, 1987; Plutchik, 1980; 
Braun et al., 2005; Kolb & Taylor, 2000) defend that 
the emotional pathway circuits consist of distinct but 
interrelated neurocognitive components. Thus, different 
neural subtracts from both cerebral hemispheres are 
involved in expression and recognition of emotional 
states and their physiological correlates. In order to 
understand which specific neural subtracts are involved 
in emotion recognition from facial expressions, many 
studies of populations with neurological impairment 
used neuroimaging techniques and found a specific 
pathway circuit for emotion processing that engages 
frontotemporal regions including the amygdala 
(Bornhofen & McDonald, 2008; Adolphs, 2002). 
Although these studies document that cerebral frontal 
cortex is a crucial neural subtract for emotion processing, 
it is also important to further understand whether this 
cerebral structure differentiates in distinct areas. For 
instance, there is evidence that patients with damage 
to the orbitofrontal cortex perform poorer on tasks of 
emotion recognition from facial and vocal expressions 
when compared to patients with lesions in other areas 
of the frontal cortex (Hornak, Rolls, & Waidt, 1996). 
These authors also found that patients perform poorer 
when damages are to the right orbitofrontal cortex. 
Vuilleumier et al. (2001) also observed increased 
cerebral activation of the orbitofrontal cortex in patients 
performing emotion processing tasks.     
As mentioned earlier, frontal and temporal brain 
areas seem to be more frequently damaged in traumatic 
brain lesions (Ietswaart et al., 2008) especially in 
those resulting from car accidents where frontal and 
temporal brain regions are most frequently injured. 
Due to the fact that emotional and behavioral disorders 
are a significant negative consequence of frontal and 
TBIs, this matter, broadly studied in different contexts 
and through various techniques, is far from being 
completely understood. Thus, our study intends to 
contribute to a better understanding of the implications 
of TBI in emotion processing. Furthermore, it is our 
goal to study the role played by each hemisphere and 
different areas of the frontal cortex in this process. 
Specifically, we intended to assess repercussions of 
frontal cortex lesions in recognition of five basic facial 
emotional expressions: happiness, sadness, fear, anger, 
and surprise. To accomplish this goal, we compared two 
distinct groups of participants: TBI and control group. 
We hypothesized that TBI patients should present more 
difficulty in recognition of basic emotions. In this way, 
it is expected that the control group will perform better 
than the TBI group in accuracy and speed of recognition 
of all five basic emotions.
Moreover, it was also our goal to analyze the 
localization of the brain lesion: hemispheric and frontal 
lobe lesion localization once it appears to define how 
emotion recognition is processed. To this end, we 
divided TBI participants into three different groups 
according to hemispheric lesion localization: left frontal 
injury, right frontal injury, and bilateral injury as well 
as in accordance with frontal lobe lesion localization: 
orbitofrontal, medial, and dorsolateral. 
Methods
Participants 
Before describing the participants of both groups, 
it is important to note that this study was conducted in 
accordance with the 1975 Declaration of Helsinki (as 
revised in Tokyo in 2004).
TBI group
Thirty-two TBI patients were assessed (20 males) 
with a mean age of 29.97 years (SD = 6.07) and mean 
number of years of education of 11.91 (SD = 3.17). 
The posttraumatic mean number of years was 6.78 
(SD = 3.64). TBI patients’ group was recruited from a 
database of a private neurosurgical clinical in Algarve 
(n = 28) and from the Neurosurgical Department of 
the Hospital of S. José, Lisbon. Inclusion criteria were 
(1) clinical diagnosis of frontal TBI, (2) within more 
than 12 months, and (3) posttraumatic amnesia >24 
h. Exclusion criteria were as follows: (1) previous 
clinical history of psychiatric illness, (2) nonfrontal 
TBI, and (3) age >40 years old. From the 43 patients 
initially selected, 11 were excluded for two reasons: six 
abandoned the experiment arguing fatigue and physical 
indisposition and five were excluded for not showing 
images of significant frontal brain damage. In order to 
obtain a more conclusive characterization of their TBI, 
our sample of 32 TBI participants was submitted to a 
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structural magnetic resonance imaging, all tested with 
a Philips 1.5 Intera Scanner and submitted to the same 
image protocol1.
Subsequently, two independent judges (a neurosurgeon 
and a neuroradiologist) rated neuroimaging data with the 
following grid criteria: frontal (anterior or posterior), 
frontal (orbitofrontal, medial, and dorsolateral), parietal 
(anterior or posterior), temporal (anterior or posterior), 
and occipital (anterior or posterior). Each of the lesions 
was characterized using the rules of abnormal focal 
signals (hypointense, hyperintense or mixed). 
Control group
Forty-one healthy participants (25 males) along 
with an age- and education-matched TBI group were 
recruited to participate in this experiment. Exclusion 
criteria included the following: (1) neurological disease, 
(2) self-reported depression, and (3) past history of TBI. 
Mean age for the control subjects was 27.98 years (SD 
= 5.73), and the mean number of years of education was 
12.68 (SD = 3.6)
Cognitive assessment
Participants were submitted to cognitive assessment 
using several tests: (1) Raven’s Progressive Matrices, 
(2) Wechsler Memory Scale, (3) Verbal Fluency Test, 
(4) Familiar Faces Recognition Test, and (5) Trail 
Making Test–Part B. These tests were applied in the 
same order, allowing us to characterize participants’ 
cognitive functions and also to be certain that variables 
other than those proposed by us could not explain the 
differences that we would eventually find between the 
two study groups (TBI/control). 
Cognitive assessment was followed by the 
application of the Beck Depression Inventory (BDI) to 
check presence or absence of depressive symptoms both 
in control and TBI groups, because TBI patients are 
suggested to report high levels of depressive symptoms 
(van Zomeren & van den Burg, 1995). 
Table 2 reports means and standard deviation for 
both control and TBI groups for cognitive tests. This 
comparison allows us to confirm that groups did not 
differ for all cognitive variables, with the exception of 
the Familiar Faces Recognition Test where the control 
group scored higher. This difference was observed only 
when TBI participants had to identify the emotional 
state of the familiar face. 
There was a statistically significant difference between 
groups for depressive symptoms. TBI group presented 
higher scores for BDI test, indicating low depressive 
symptoms compared to control group (see Table 2). 
Stimulus and apparatus
We opted for the construction of the stimuli, not 
1Sagittal Spin Echo T1 (22 cuts of 5 mm), (2) Axial Turbo Spin Echo dual echo PD and T2 (22 cuts of 5 mm), (3) Axial Fluid 
Attenuated Inversion Recovery (Flair- 22 cuts of 5 mm), (4) Axial Fast Field Echo (Gradient echo) T2 (22 cuts of 6 mm), (5) 
Axial Diffusion Weight (Gradient) Echo Diffusion (20 cuts of 3 mm), (6) Coronal Turbo Spin Echo T2 (25 cuts of 3 mm), and 
(3) Axial 3D Fast Field Echo T1 (200 cuts of 0.6 mm).
Brain lesion localization n      %
Hemisphere
Right anterior frontal (%) 8 25.00
Left anterior frontal (%) 10 31.25
Bilateral 7 21.88
Frontal
Orbitofrontal 11 34.38
Medial 3 9.38
Dorsolateral 18 56.25
Others
Left frontal/anterior temporal 2 6.25
Right frontal/anterior temporal 2 6.25
Frontal bilateral/anterior temporal 2 6.25
Right frontal/posterior occipital 1 3.13
Table 1. Distribution of TBI patients according to brain lesion localization
TBI, traumatic brain injury.
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using the most widespread battery about emotion 
recognition of Ekman and Friesen (1975) because we 
wanted to design a battery not only to assess basic 
emotions but also social emotions. Because social 
emotions are not universal, we need to use Portuguese 
emotional expressions evaluated by Portuguese 
patients. In this line, we used the same actors for the 
paradigm of basic emotion recognition.
The task to measure participants’ ability to decode 
specific emotional facial expressions was adapted 
from Kessler, Bayerl, Deighton, and Traue (2002). The 
basic emotion recognition task was designed to assess 
participants’ ability to recognize five basic emotions as 
previously defined by Ekman (1992).  Stimuli material 
used was previously validated (Martins & Reis, 
2007). Three actors were selected (one male and two 
females) who represented six different basic emotions: 
happiness, sadness, fear, anger, disgust and surprise, 
and one neutral facial expression per actor. Each of 
the three selected actors represented the five basic 
emotions under study (15 different black and white 
photos (44.46 cm/50 cm) were taken). After a pre-test 
with 10 judges, we found a high pattern of concordance 
(Krippendorff, 2004) in emotion processing for all three 
actors (alpha Krippendorff ≥70) except in regard to 
the emotion “disgust” for one of them. Although high 
scores were generally obtained for this emotion, scores 
were not consistent for all three actors. Therefore, the 
basic emotion “disgust” was excluded from the final 
experiment. Each photo was presented six times to each 
participant, so each emotion was presented 18 times. 
In this way, each participant perceived 90 stimuli (3 
actors x 5 emotions x 6 times) and the score of one was 
attributed to each right answer.
Presentation Software version 7.0 (http://nbs.
neurobs.com/presentation) was installed on a computer 
(Samtron 73v) and we also used a touch screen (38 cm) 
that permitted presentation of visual stimuli and labels 
and also registration of participants’ time reactions. 
Participants’ response accuracy was registered on a grid 
designed for this purpose. 
The stimuli presentation began with a neutral 
photo (presented for 1500 ms) to use the same actor 
in the neutral and in the emotional phase. This allowed 
us to control the physiognomic changes and allowed 
participants to interpret modifications in the actor’s 
Group
            TBI          Control
Characterization M SD M SD p
Sociodemographic
Age 29.97 6.07 27.98 5.73 .155
Years of education 11.91 3.17 12.68 3.66  .343
Years of TBI 6.78 3.64 N/A N/A   N/A
Clinical
BDI 2.13 0.75 1.17 0.38 <.001**
Cognitive
RPM 75.78 15.87 78.05 17.02 .563
WMT 87.09 12.06 91.29 8.79 .090
TMT errors 128.28 44.18 120.44 51.79 .496
TMT time 1.25 2.17 0.95 1.92 .536
VFT 22.39 5.58 24.20 5.39 .062
Total FFRT 7.13 2.28 9.39 1.07 .039 *
Age perception 3.03 1.12 3.36 1.23 .534
Occupation 2.01 0.89 2.65 2.30 .563
Emotion 2.09 0.27 3.38 1.02 .046 *
Table 2. Sociodemographic, clinical, and cognitive characterization of TBI and controls groups (t-test)
BDI, Beck Depression Inventory:  (1) absence or minimal symptoms of depression, (2) mild depression, (3) moderate depression, 
and (4) severe depression; RPM, Raven Progressive Matrices: (I) 0-9: very low, (II-) 10-14: low, (II) 15-24: low, (III-) 25-49: 
medium, (III+) 50-74: normal, (IV) 75-84: good, (IV+) 85-89: good, (V) 90-94: very good, (V+) 95-100: very good; WM, 
Wechsler Memory Scale (minimum quotient range age from 20-44 years old: 40; maximum quotient  age range from 20-44 years 
old: 136); TMT, Trail Making Test-Part B (performance mean time: 60 sec); VFT, Verbal Fluency Test: total number of words; 
FFRT, Familiar Faces Recognition Test (4 points for each subtest: age perception, occupation, and emotion. Total = 12 points); 
N/A, not applicable. 
**p ≤ .001, *p ≤ .05.
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facial expression, followed by a photo of the same 
actor representing one of the five basic emotions (500 
ms). Each participant was instructed to categorize 
each presented emotion within a visual forced-choice 
answering format (10,000 ms). All five forced-
choice categories (happiness, sadness, fear, anger, 
and surprise) were presented in a randomized order. 
Participants chose the correct label by pressing the 
name with his/her indicator finger on the touch-screen. 
After participants made their choice or after the 10000 
ms timed out, the next trial automatically began. In this 
force-choice experience the maximum time possible 
for each trial was 15,500 ms.
Procedure
Both TBI and control groups were native 
Portuguese speakers and were individually assessed in 
a laboratory room in the Department of Psychology of 
the University of the Algarve.
Informed consent was obtained from all subjects 
after the nature of the study had been explained. In 
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Figure 2. Accuracy Scores (%) in each emotion for the two 
groups (control/TBI).
Figure 1. Scheme for basic emotional stimuli presentation.
the beginning, participants completed a demographic 
questionnaire followed by application of the battery of 
cognitive tests. Afterwards, the basic emotion recognition 
task was applied. Participants were informed about the 
procedure as well as the meaning of each labeled emotion. 
A training session was performed by each participant 
before starting the emotion recognition task.
Results
Analysis of the accuracy scores
Accuracy was assessed by calculating the means 
of the correct answers for both groups (control and 
TBI). Next, the numbers of correct answers were 
also calculated using a d-prime [d’ = Z (H) – Z (F)] 
performance discrimination model. This model allowed 
calculation and deletion of raw performance false 
alarms. The performance means were transformed into 
percentages. These percentages were analyzed using 
repeated-measures ANOVA. A factor group (TBI vs. 
control) and a factor emotion (emotion: happiness vs. 
sadness vs. fear vs. anger vs. surprise) were considered. 
Group was entered as a between-subjects factor and 
recognition of facial emotional expressions were 
entered as a within-subjects factor. The results reported 
a significant main effect for group [F(1, 71) = 22.11, p < 
.001, ηp
2 = .229] and for emotion [F(4, 292) = 40.82, p < 
.001, ηp
2 = .363]. TBI patients presented lower accuracy 
scores when compared to control participants. No 
significant interaction effect between group and emotion 
was found [F(4, 292) = 1.13, p = .341, ηp
2 = .016].
A post-hoc Tukey comparison analysis showed 
significant differences for the following emotions 
between groups: sadness (p < .001), fear (p < .001), 
anger (p < .001), and surprise (p < .01).
Analysis of the reaction times
Analysis of the reaction times (in ms) of correct 
responses was analyzed to assess speed of response in 
recognizing emotions. A factor group (TBI vs. control) 
and a factor emotion (happiness vs. sadness vs. fear 
vs. anger vs. surprise) were considered in repeated-
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measures ANOVA model. The group was entered as 
a between-subjects factor and recognition of facial 
emotional expressions was entered as a within-subjects 
factor. The results showed a significant main effect 
of group [F(1, 71) = 9.36, p < .01, ηp
2 = .116] and of 
emotion recognition [F(4, 292) = 13.56, p < .001, ηp
2 = 
.160]. A significant interaction between group and speed 
of response was also found [F(4, 292) = 3.22, p < .05, 
ηp
2 = .043], which revealed that TBI patients compared 
to control group presented longer reaction times in 
their responses to sadness, fear, anger and surprise, 
particularly regarding these two last emotions. 
A post-hoc Tukey comparison revealed significant 
differences between groups in the speed of emotion 
recognition: TBI patients presented longer reaction 
times in recognizing anger (p < .01), surprise (p < .001), 
and fear (p < .05).
Analysis of the TBI subgroups according to hemispheric 
lesion localization
To analyze emotion recognition in TBI patients, a 
factor lesion localization (right vs. left vs. bilateral) and 
a factor emotion (happiness vs. sadness vs. fear vs. anger 
vs. surprise) were considered for an ANOVA model. A 
significant main effect for TBI group [F(2, 29) = 3.33, p 
< .05, ηp
2 = .209] and for emotion accuracy scores [F(4, 
116) = 15.87, p < .001, ηp
2 = .340] was observed. TBI 
bilateral lesion participants presented the lowest scores 
for emotion recognition. No significant interaction effect 
was verified between TBI group and emotion recognition 
[F(4, 116) = 0.53, p = .848, ηp
2 = .034].
A post-hoc Tukey analysis revealed differences 
between TBI groups in emotion recognition scores: 
happiness (TBI left lesion group: M = 92.41, SD = 
10.63, SEM = 1.06; TBI bilateral lesion group: M = 
78.08, SD = 23.08, SEM = 3.29; p < .05), anger (TBI 
left lesion group: M = 89.97, SD = 13.15, SEM = 1.31; 
TBI bilateral lesion group: M = 74.55, SD = 21.52, SEM 
= 3.07; p = .051), and surprise (TBI left lesion group: 
M = 91.82, SD = 15.54, SEM = 1.56; TBI bilateral 
lesion group: M = 73.14, SD = 22.81, SEM = 3.25; p 
<. 05). The longest reaction times were observed in the 
bilateral frontal TBI group for all basic emotions in the 
study followed by the right frontal TBI group, although 
these differences were not significant.
Analysis of the frontal lobe lesion localization
In order to analyze differences in emotion 
recognition according to brain lesion localization, 32 
TBI participants were distributed into three subgroups: 
orbitofrontal (n = 11), medial (n = 3), and dorsolateral 
(n = 18) lesion. Statistically significant differences 
for accuracy were not observed. Mean differences in 
reaction time were compared according to Kruskal-
Wallis nonparametric statistics. A statistically significant 
difference was reported for the total mean reaction time 
in emotion recognition (H = 7.232, p < .05). Longer 
reaction times were verified in orbitofrontal TBI 
subgroup followed by medial TBI subgroup and then by 
dorsolateral TBI group.
A potential association was also analyzed 
between the mild depressive symptoms revealed 
by the TBI group and their performance on basic 
emotion recognition task. Our results did not show any 
significant association in this respect (r = 0.122; p = 
0.507), allowing us to infer that the mild depressive 
symptoms found in TBI patients did not influence, in 
any way, their performance on this task.
Discussion
It is broadly stated in the current literature that 
behavioral disorders found in TBI patients, particularly 
in those with damage to the frontal cortex, are associated 
with basic emotion recognition impairment (e.g., Kendall 
& Terry, 1996; McDonald, 2005; Prigatano & Pribram 
1982; Green et al., 2004). Underlying this background, 
we asked a sample of frontal TBI patients to recognize 
five basic emotional states (happiness, sadness, anger, 
fear and surprise) from photos representing faces 
expressing certain emotional states.
Overall, our results suggest an impairment of TBI 
patients to recognize basic emotions except for happiness. In 
other words, the TBI group compared to controls presented 
lower performance in recognizing four basic emotions: 
sadness, fear, anger, and surprise. This difficulty in emotion 
recognition has already been documented by previous studies. 
Accuracy scores are lower and reaction times are higher in 
TBI participants, particularly for negative emotions (e.g., 
Croker & McDonald, 2005; Green et al., 2004). Happiness 
recognition engages less sophisticated facial processing, first 
due to the fact that this emotion is transculturally known as 
represented by the stereotype of smile and second because, 
among all basic emotions, happiness is more innate and 
universal. In general, a lack of differences between clinical 
and nonclinical populations is documented in the literature 
in tasks that require processing of this specific basic emotion 
(Bornhofen & McDonald, 2008).
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In contrast, accurate recognition of negative 
emotions requires a more sophisticated stimuli 
processing, thus engaging nonspecific frontal brain 
areas but is dependent on the interconnection of the 
frontal cortex, in its entirety, with multiple other 
brain areas among which are the temporal cortex and 
amygdala. In line with these findings, we consider 
that the difficulty exhibited by our TBI participants in 
recognizing negative emotions cannot be fully attributed 
to a specific frontal brain lesion but should be related 
to the whole frontal cortex and its interconnections. 
Functional neuroimaging studies (e.g., Phillips et al., 
1998; Hennenlotter et al., 2004) have shown activation 
not only of the prefrontal cortex but also in amygdala 
in tasks involving fear emotion. Johnston et al. 
(2001) proposed a neural pathway circuit for emotion 
recognition and suggested that a lesion with a mere 10% 
extension of the frontal lobe is sufficient to compromise 
the pathway circuit, thus leading to a general impairment 
in recognition of negative emotions (anger, fear, 
disgust and sadness) when compared with recognition 
of positive emotions. In a specific analysis, we also 
observed that both TBI and control subjects obtained 
lower scores for fear recognition when compared to 
the other three negative emotions. According to Ekman 
and Friesen (1987), fear recognition is a more difficult 
process than recognition of any other basic emotion. 
Corden et al. (2006) showed that 8.8% from a sample 
of 341 healthy subjects had difficulties in fear emotion 
recognition from facial expressions. Furthermore, other 
authors (e.g., McDonald, 2005) emphasize that this 
percentage tends to increase in patients with damage to 
the frontal cortex and amygdala, which we also verify 
in our TBI sample.
Considering as well the discussion about whether 
emotion processing is lateralized and if that lateralization 
depends on the emotion content (Alves, Fukusima, & 
Aznar-Casanova, 2008; Miller, 1986; Adolphs, 2002; 
Oatley & Johnson-Laird, 1987; Plutchik, 1980), we 
divided our sample according to brain lesion localization 
and created TBI subgroups. The results suggested a 
poorer performance in emotion recognition for frontal 
bilateral TBI patients followed by right hemisphere 
lesion subgroup. Thus, these results seem to support 
the interhemispheric cooperation theory that postulates 
that both right and left hemispheres cooperate in basic 
emotion recognition. 
Another important issue in the discussion about the 
relation between frontal cortex and emotion processing 
is that there will be a more specific region within the 
frontal lobe dedicated to this process. In this context, 
orbitofrontal lesions compared to other frontal brain 
lesions have been associated with poorer emotion 
recognition (Bornhofen & McDonald, 2008; Hornak et 
al., 1996). In line with the evidence, our results showed 
a lower performance of the orbitofrontal TBI subgroup 
in emotion recognition: these participants presented 
longer reaction times when compared to other lesions 
of the TBI subgroups. It is well documented that the 
orbitofrontal cortex receives stimuli from all sensorial 
modalities (visual, auditory and somatosensory) and 
associates them with emotional states in order to give 
them emotional meaning. According to Hornak (2003), 
this is precisely what is required in emotion processing 
from facial expressions.  
In summary, with this study we further corroborate 
that TBI patients present impairment in recognizing 
basic emotions. Furthermore, we also suggest that 
these differences in basic emotion recognition may 
not be directly associated with cognitive or executive 
disturbances. Most individuals with TBI are able 
to successfully plan and perform complex tasks of 
daily living. In our sample case, cognitive assessment 
revealed absence of executive disturbance. Regarding 
depressive symptoms, this is a common phenomenon in 
TBI patients. These depressive symptoms are primarily 
associated with family, work, and social reintegration 
(e.g., Eslinger, Parkinson, & Shamay, 2002). We 
observed differences between TBI and control groups 
for depressive symptoms and this difference may be 
considered one limitation of the study; however, there 
is evidence that depressive symptoms do not directly 
influence facial emotion recognition. According to 
Kan et al. (2004), there is no correlation between 
depression and appropriate facial emotion recognition. 
In this regard, we sought to investigate if the mild 
depression of our TBI patients was correlated with 
their performance on basic emotion recognition task. 
Our results did not show any association between the 
variables. Thus, we infer that the depressive condition 
of TBI patients may not be related to their low 
performance on emotion recognition.
In summary and to conclude, we observed that 
TBI patients presented more difficulty in recognition 
of basic emotional states; however, we did not find 
differences between the TBI subgroups tested. Correct 
evaluation of the frontal lobe function can be a positive 
way to construct more efficient programs of cognitive 
rehabilitation. The main limitations of the study noted 
were the absence of more robust measures to assess 
the patient’s injury (e.g., lesion volumetry) and more 
sophisticated evaluation (functional resonance) as well 
as behavioral methods.
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